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1. THE PURPOSE OF THIS ADVISORY CIRCULAR.

This advisory circular (AC) presents the concepts of a Pavement Management System, discusses
the essential components of such a system, and outlines how it can be used in making cost-
effective decisions regarding pavement maintenance and rehabilitation.

2. WHAT THIS AC CANCELS.
This AC cancels AC 150/5380-7, Pavement Management System, dated 9/28/88.

3. WHO THIS AC AFFECTS.
Airport operators and maintenance personnel responsible for implementation of a pavement
management system.

4. RELATED READING MATERIAL.
e AC 150/5380-6A, Guidelines and Procedures for Maintenance of Airport Pavements.
e American Society For Testing and Materials (ASTM) D 5340-98, Standard Test Method
for Airport Pavement Condition Index Surveys.
e Numerous publications are available from private industry and from the Department of
Defense for effective pavement management and pavement maintenance.

The FAA continues to support the development of a software application know as MicroPaver to
assist in the implementation of a pavement management program.

5. COMMENTS OR SUGGESTIONS.
Send comments or suggestions for improving this AC to:
Manager, Airport Engineering Division
Federal Aviation Administration
ATTN: AAS-100
800 Independence Avenue, S.W.
Washington DC 20591

6. COPIES OF THIS AC.
The Office of Airport Safety and Standards makes its AC’s available online at
www.faa.gov/airports_airtraffic/airports/resources/advisory_circulars/.

David L. Bennett
Director, Office of Airport Safety and Standards
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1.0 BACKGROUND.

a.  Historically, most agencies have made decisions regarding pavement maintenance and
rehabilitation based on experience rather than using documented data. This approach did not
allow the agency to evaluate the cost effectiveness of alternative maintenance and repair
strategies and led to an inefficient use of funds.

b.  Every agency must decide how to allocate its available funds most effectively. Many
agencies use the “ad hoc” approach, whereby the staff applies the maintenance and repair
procedure that their experience indicates is the best solution. This approach usually results in the
repeated application of a select few alternatives and may not select the best or most economical
option. The “existing condition” approach is also used. Here, the pavement network is first
evaluated by means of various condition indicators. Based on an analysis of these indicators,
maintenance and repair alternatives are selected. However, lifecycle cost comparisons of the
alternatives are not considered. This approach selects the maintenance and repair procedures that
relate to the deficiencies in the pavement, but the choice may not be the most cost effective
method based on life-cycle costing.

c.  Since these approaches worked well in the past, they became part of the standard
operating procedure in some agencies. Today, however, with limited money to spend on
maintenance and rehabilitation and new technology providing more options for repair, these
established procedures do not answer some basic questions. For example, what if funds are
available to do only half the overlays that the procedure indicates is necessary in a particular
year? Should some pavements be overlaid to the proper thickness while the remainder receive no
overlay? Should the thickness be reduced and a thin overlay be placed on all pavements? It is
evident that decisions made today will have an effect on the pavements condition in future years.
The question then becomes which course of action to take and the immediate and future
consequences of such actions.

2.0 NEW DECISION MAKING PROCESS

a.  The selection of the best course of action can be determined on the basis of the
predicted effects of each action. For example, if a thin overlay is placed on all pavements there
will be an immediate improvement to all the pavements. However, due to rapid deterioration
there will probably be a need for further rehabilitation in a short period of time. If some of these
same pavements need work again next year, in addition to other pavement in need of work, the
overall condition of the pavement network will deteriorate. Alternatively, if the full thickness
overlay is placed only on selected pavements, they will not need rehabilitation for many years.
During each of these years it may be possible to overlay some of the remaining pavements so that
ultimately the number of pavements needing rehabilitation may decrease. However, those
pavements that have not been overlaid will continue to deteriorate under this strategy, and the
overall pavement condition will probably be worse during the first few years than under the first
strategy.

In order to determine which of these actions is preferable, we must be able to predict the future
consequences of the various scenarios. For example, we must know the life span of a thick
overlay, say 4-inches, versus a thin 2-inch overlay. We should also have a knowledge of the rate
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of deterioration of pavements, with and without maintenance, and a good understanding of the
causes of current pavement deterioration.

b.  These predictions may be made using “engineering judgment” in the decision making
process. However, if the consequences are predicted using a predetermined methodology, it will
be possible to analyze previous predictions and to improve on the prediction procedure over a
period of time.

c.  One such methodology is a Pavement Management System (PMS). The idea of a
pavement management system is to improve on the decision making process, expand its scope,
allow for feedback based on decisions made, and to ensure that consistent decisions are made
throughout an organization.

3.0 PAVEMENT MANAGEMENT SYSTEM (PMS). A pavement management system
provides a consistent objective and systematic procedure for setting priorities and schedules,
allocating resources, and budgeting for pavement maintenance and rehabilitation. It can also
quantify information and provide specific recommendations for actions required to maintain a
pavement network at an acceptable level of service while minimizing the cost of maintenance and
rehabilitation.

A PMS is systematic tool for helping the engineer, budget director, and management to make
cost-effective decisions regarding pavement maintenance and rehabilitation.

a.  Concepts of a Pavement Management System. A PMS not only evaluates the present
condition of a pavement but predicts its future condition through the use of a pavement condition
indicator. By projecting the rate of deterioration, a life-cycle cost analysis can be performed for
various alternatives, and the optimal time of application of the best alternative is determined.
Such a decision is critical in order to avoid higher maintenance and repair (M&R) costs at a later
date. Figure 1 illustrates how a pavement generally deteriorates and the relative cost of
rehabilitation at various times throughout its life. Note that during the first 75 percent of a
pavements’ life, it performs relatively well. After that, however, it begins to deteriorate rapidly.
The number of years a pavement stays in “good” condition depends on how well it is maintained.
Numerous studies have shown that the ratio of total annual costs between maintaining a good
pavement and periodically rehabilitating a poor pavement is in the order of 1 to 4 or 5.

Figure 1 also shows that the optimum time for major rehabilitation is just as a pavement’s rate of
deterioration begins to increase. Maintenance and rehabilitation solutions would be more easily
managed if pavements exhibited a clear sign that is had reached this point, but this is not the case.
The shape of the deterioration curve, and therefore the optimal maintenance and repair points,
vary considerably within a pavement network. A pavement experiencing a sudden increase in
operations or aircraft loading will have a tendency to deteriorate more rapidly than a pavement
deteriorating solely from environmental causes. A pavement deteriorating from environmental
damage may have a number of cracks that need filling but still be structurally sound. Conversely,
this same pavement may be in the early stages of load damage deterioration which can only be
detected with proper testing. Unfortunately there are no obvious visual signs that a pavement has
reached this critical condition.

Since there is no “positive signal” as to when a pavement reaches the 75 percent deterioration
point, we depend on a PMS to help us target our resources to this optimum rehabilitation point.
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This can be accomplished through the use of a pavement condition rating system which will
predict future conditions and indicate whether the distress is load or environmentally related.
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FIGURE 1. Typical Pavement Condition Life Cycle

b.  Cost Effective Solutions. Information on pavement deterioration, by itself, is not
sufficient to answer questions involved in selecting cost-effective maintenance and repair
strategies. For example, should a pavement be sealcoated, recycled, or resurfaced? This type of
decision requires information on the cost of various maintenance and repair procedures and their
effectiveness. Effectiveness in this case means: The proposed solution is targeted toward the
source of the deficiency and will improve the pavement’s condition rating.

The pavement will stay in this improved condition for several years to optimally recover the cost
of the solution.

A pavement management system will enable a user to store information in a data base and use the
system’s programs to determine the most cost-effective solution to these questions.

4.0 COMPONENTS OF A PAVEMENT MANAGEMENT SYSTEM. In order to take full
advantage of a pavement management system, information must be collected and periodically
updated, decision criteria must be established, alternative strategies must be identified,
predictions of the performance and costs of alternative strategies must be made, and optimization
procedures that consider the entire pavement life cycle must be developed.

= A system for accomplishing these objectives must generally include:
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= A systematic means for collecting and storing information.
= An objective and repeatable system for evaluating pavement condition.
= Procedures for identifying alternative strategies.
= Procedures for predicting the performance and costs of alternative strategies.
= Procedures for identifying the optimum alternative.
A discussion of the essential components of a PMS follows.

a. Database. There are several elements critical to making good pavement maintenance
and repair decisions; pavement structure, maintenance history, including costs, traffic data, and
information on the condition of a pavement. This data can be stored in a system’s data base.

(1) Pavement Structure. A key to analyzing problems and designing solutions is a
knowledge of when the pavement was originally built, the structural compositions (material and
thickness), and subsequent overlays, rehabilitation, etc. “As built” records should provide this
information. If they are not available or if records are suspect, it will be necessary to core the
existing pavement to establish the thickness and composition of the structural layers.

(2) Maintenance History. A history of maintenance performed and its associated
costs provide valuable information on the effectiveness of various maintenance procedures on
flexible and rigid pavements. The cost of each maintenance procedure is necessary when
performing a life-cycle cost analysis.

(3) Traffic Data. The number of operations and type of aircraft using the pavement
are necessary when analyzing probable causes of deterioration and when considering
rehabilitation procedures.

(4) Pavement Condition. A basic component of any pavement management system
is the ability to track a pavement’s deterioration and determine the cause of the deterioration.
This requires an evaluation process that is objective, systematic, and repeatable. A pavement
condition rating system that is based on the quantity, severity, and type of distress is a rating of
the surface condition of a pavement performance with implications of structural performance.
Condition rating data collected periodically will track the performance of a pavement.

b.  Alternative Strategies. In order to compare alternative solutions to a particular
problem, the system must contain a list of feasible actions related to the pavement condition.
These alternative strategies should take into consideration such factors as pavement condition,
rate of deterioration, causes of distress, previous maintenance, and current and future traffic.

c.  Performance and Costs of Alternates. Based on the results of identifying alternative
strategies, the system must be able to predict the future performance of a pavement for the various
alternatives and perform an economic analysis to compare the costs of all alternatives (life-cycle
costing).

4



DRAFT AC 150/5380-7A

d.  Optimization. In order to select the alternative that satisfies cost and performance
constraints, a procedure that evaluates several alternative solutions to a specific set of conditions
iS needed.

5.0 MICRO-PAVER.

a.  Backgronnd. A pavement management system that has been used on airport pavement
networks at the state and local level is Micro-PAVER. This computer program was developed by
the U.S. Army Construction Engineering Research Laboratory under contract to the Federal
Aviation Administration. The program has been continually updated by the FAA, FHWA, U.S.
Corp of Engineers, U.S. Airforce, U.S. Navy, and other authorities to meet the needs of current
users.

The program allows for storage of pavement condition history, nondestructive testing data, and
construction and maintenance history, including cost data. This data base provides many
capabilities including evaluation of current conditions, prediction of future conditions,
identification of maintenance and rehabilitation needs, inspection scheduling, economic analysis,
and budget planning. Micro-PAVER not only evaluates the present condition of the pavement
using the pavement condition index (PCI) described in ASTM D 5340-98, Standard Test Method
for Airport Pavement Condition Index Surveys but can also predict its future condition. The PC1
is a numerical indicator that reflects the structural integrity and surface operational condition of a
pavement. It is based on an objective measurement of distress type, severity, and quantity. By
projecting the rate of deterioration, a life-cycle cost analysis can be performed for various
maintenance and rehabilitation alternatives. Not only is the best alternative selected but the
optimal time of application is also determined.

b.  Management Levels. Once a data base has been established, Micro-PAVER can be
used to assist in making pavement management decisions. Managing a pavement system
effectively requires decision making at two levels:

(1) Network level. Decisions are made regarding the management of an entire
pavement network. For example, at the local level, all the pavements on an airport, and at the
state level, all the pavements on each of the airports in the state system.

(2) Project level. At the project level, decisions are made regarding the selection of
the most cost effective maintenance and rehabilitation alternative for a pavement identified as a
candidate for work at the network level.

6.0 NETWORK LEVEL.

a.  Innetwork level management, questions are answered concerning short and long
range budget needs, the overall condition of the network, both currently and in the future, and
identification of pavements for consideration at the project level.

b.  Inaddition to providing an automated inventory of pavements being managed, Micro-
PAVER provides a series of programs which access the data base and produce customized
reports. These reports help the user make decisions regarding inspection scheduling, identification



AC 150/5335-5A DRAFT

of pavements for rehabilitation, budget forecasting, identification of routine maintenance projects,
evaluation of current condition, and prediction of future condition.

c.  Condition prediction is used as the basis for developing inspection schedules and
identifying pavements requiring maintenance or rehabilitation. Once pavements requiring future
work have been identified, a budget for the current year and for several years into the future can
be developed. By using an agency’s prioritization scheme, maintenance policy, and maintenance
and rehabilitation costs and comparing the budget to the actual funds available for the current
year, a list of potential projects is produced. This list becomes the link with project level
management.

7.0 PROJECT LEVEL. In project level management, decisions are made regarding the most
cost-effective maintenance and rehabilitation alternative for the pavements identified in the
network analysis. At this level each of these pavements should have a detailed condition survey.
In addition, nondestructive and/or destructive tests should be made to determine the pavements
load-carrying capacity. Roughness and friction measurements may be useful for project
development. Roughness measurements may be useful when there is evidence of roughness,
usually in the form of frequent pilot complaints. Roughness measurement is of more value when
the pavement is in very good condition with little or no distress. If reconstruction is imminent,
roughness measurements of the existing pavement may not be of any value. Friction
measurements, on the other hand, should be made on a periodic basis to measure the textural
properties of the pavement and determine the amount of deterioration that has occurred.
Nondestructive test data, friction measurements, roughness measurements, and drainage
information may all be entered into the data base. This information is used to identify feasible
alternatives that can correct existing deficiencies. The various alternatives identified, including
no action, are then compared on a life-cycle cost basis. The results, combined with budget and
management constraints, produce the current year’s maintenance and repair (M&R) program.

8.0 REPORT GENERATION AND USAGE. Micro-PAVER can assist in the decision

making process through the use of several standard reports. Each report can be customized to
include only the pavements and/or conditions of interest and can be generated to represent various
budget/condition scenarios. The use of each report is briefly outlined below.

a. Inventory Report. This report is a listing of all pavements in a network and contains
information such as surface type, location, area, and pavement function, i.e.; runway, taxiway,
apron.

b.  Inspection Scheduling Report. This report allows the user to schedule inspections for
the next 5 years based on a pavements minimum acceptable PC1 condition level and rate of
deterioration.

c.  PCI Frequency Report. This report provides the user with an indication of overall
network condition, based on the PC1 scale, for the current or future years. The projected
condition can be used to assist in planning future maintenance and repair needs and to inform
management of present and future conditions. Since the PCI extrapolation used presumes no
major repairs have occurred between the last inspection and prediction dates, the user can see the
impact on the overall network condition of performing no major repairs.
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d.  Budget Planning Report. This report allows the user to produce 5-year projected
budgets required to maintain the pavement network above a user-specified condition level. The
user is required to input three forms of data; (1) minimum PC1 values for each pavement type (2)
average unit repair costs based on surface type and PC1 ranges, (3) the inflation rate during the
analysis period. The report predicts for each pavement selected the year in which the minimum
PC1 will be reached and calculates the cost of repair.

e.  Network Maintenance Report. This report uses the agency’s maintenance policy
which is stored in the data base and applies it to the distresses identified in the latest PCI survey.
This report can be used to estimate both the type and cost of routine maintenance for the
development of an annual work plan.

f.  Economic Analysis Report. This report can be used to help select the most cost-
effective alternative for a pavement repair. For each feasible alternative, the user must input
initial costs, periodic maintenance costs, one-time future maintenance costs, interest rates, and
discount rates. The program performs a life-cycle cost analysis and provides the user with an
equivalent uniform annual cost per square yard. The program allows the user to vary interest
rates, repair costs, and timing so that their effect on alternatives can be analyzed.

9.0 MICRO-PAVER SOFTWARE. The Micro-PAVER software package, together with a
user’s guide, may be obtained from a distribution center. Currently, there are three distribution
centers, with each center responsible for establishing individual fees for distribution and
providing updates and corrections as they become available. The fees vary according to the
service provided to the user (training, implementation assistance, user’s group membership, etc.).
Users should contact each center and determine which one will best suit their needs. The location
of the distribution centers, user manuals, and product updates are provided on the Micro-PAVER
website at http://www.cecer.army.mil/paver/.

10.0 OTHER PAVEMENT MANAGEMENT SYSTEMS. Pavement management systems
other than Micro-PAVER are used by consulting engineer firms that provide pavement evaluation
and management services. The software programs used by these firms are not in the public
domain and therefore cannot be purchased for use by an individual or an agency.

11.0 BENEFITS OF A PAVEMENT MANAGEMENT SYSTEM. Some of the benefits to be
gained from implementation of a PMS include:

a.  Provides an objective and consistent evaluation of the condition of a network of
pavements.

b.  Provides a systematic and documentable engineering basis for determining
maintenance and rehabilitation needs.

c. ldentifies budget requirements necessary to maintain pavements at various levels of
serviceability.

d.  Provides documentation on the present and future condition of the pavements in a
network.
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e.  Determines life-cycle costs for various M&R alternatives.

f. Identifies the impact on the pavement network as a result of performing no major
repairs.



